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the signal;

I I

Sigaal-induced activity which is ¢ime-3ocked to the stimulus,

L&)
Y

L., evoked potentlals,
ALL of the work to be discussed in this repori, then, can ke
wnneideved as heoring or one o0 wore of the bahavioral questicms cutlined
e £ivst ceerion and atilizing cue or move of the elecirvophysiological

-

agures oublined in the second secticn, A number of guperiments werxo

t

izaed to ievescigate some of the neunzophysiciogical mechaviszims imvelved

in indormation processing by the huran cohserver.
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i. Prediciions of fluctuakions of wigilanze

In 1966, a paper entitled “EEG frequency and reaction time o

A gsequentiel aralysis® wes published in Neuropovcholopia (Wol. &3 430483

wvhich summed up ovr earifier work on EEG background predictors of pevforme
Aiso, a papor velating evoked poteantials to reactionr time behavior eppeays im

vhe journal, EEG and Clinmical Nowrophysiology, Voi. 20:5: "Bvoked potentials

znd reaction times: A study of dntra-individunl vardability.m A third pspex,
entcitled “Some characteristics of alpha provecation,” has been accepted for
prblication by the EBG Jouwmel. FPor details of these, see our gavlier repors
and rhe enclosed reprints.

As noted befove, we have developrd computer-hased mecogrition technigues
for he same FEG paramsiocsrs, using cuch methods as pariod anglyasis and the
magn poner Iin segments of recowd just prior to presentsticn of eritical sigeals.
We have deloyed publication of this work because wo are continuing €o acraluaie
a anugber of analvtical methods., We are Bow Te-ruaning some of this data with
the same progranms chiough epprupriate qonleg filvers before gutomatic
gencgaition s attempiod, ard wish to compare the wesulis with digital filtering
teachaigues,

Avorker series of eunporiments was undortaken with Br. Johm 8. Beriow
vhile he was visiting our lcboratory iz which we dnvestigased reactiocn times

in relakion to the phase of glpha at the time of sigpal delivery. There have

bron & nusmber Of roporis in the literature deanling with the gurescion of
vhathor sigrals coming at cne or suother alpvha phase might bo assucieted with
Fastey ov siowar respamse timeo, aome of @hich is conclusive. Wo uadsrtook
sate siudics £o gusyey pezhaps o moze bosie guostion, nomoly, whother

-3 3 7 23 E ey \ P 23
2iobiliny o performpuce 4 Zoss vhen the signals are always prosonted ot
Seln :

¢ given nhass of tap alnha than when they cre aot. The resulis of our
experinents, dealing vish bricd auditory signalis, iopd support o the gepnersli

2 33 e s oyl > 2 . -~ - oF y 1 o 2oy de
Imprennion £rom previous iltaToture thot, in fuct, there 7s mo econsisgent
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relationship betwecen phese of alpha and spaeed of respounse which stends up
acxoss a group of vnselected subjects, Forx sbme svbjects, variability seems
clearly veduced when the phase of alpha was constant; for othner subjects,
alpha phase has ac significance.

2, Effects of warning simals upon verformance.

We have found, not anexpectedly, that warning signals do increase the

speed of response €0 a critical signal. The amalysis so fzr has dealt only

with warning signels bearing a fixed temporal veletioa to the critical signael
over the range of 500-700 msec, Preiiminary snalysis of the electrophysioclogical
corzelates of such effects show thet the evoked vesponse to the eritical sigenld
is reduced vhen a warning signal occurs ot some fized time iuterval prior to

ic.

3,4,5. The effects of extrancous gignals upur performance; temporal

intervals between successive stimuld,
me

We have undertoken @ major serfes of expeximants dealing with the
effects of extrencous stimuli coming at various temporal intarvals after o
critical signal te which the subject is sct ©0 respond as rapidly &s
pessiblc. Experiments cover conditions fn which a visusl stimuius is the
eritical sigrmal for zesponse, and an cuditery stimmlius is the extrancous
one, and vice varsa. These experiments have been dome under two conditicnms:
{2) a2t unpredictadble invervals, the subject is presented with the critical
sigaal. This is followed by am oxtraiscous stimulus in another senge modality
at various delays after the fizst signal. The range of values umed in the
pi@sgﬁé experinsnes is from 20-120 moec. The contvol ecsdltion is che
presentation of the eritical siszmel alone, {B) The same sort of auperimentsl
ccuditions as in €A% are followed, with zhe euception thot on some trials onily
the pon-critical stimcius {i.e. the one Co vhich no vesponse is $o be made)
ig presented. {B) is zhus 2 choice veacticn experisent. Oveor tweaiy experi-

wents have been cemdueted alumg these wodels, all of which have been programsed



b? the LINC to assure appropriate rmﬁﬂﬁizé‘;ion of iaterstimules intervals,
intertrial intervals, and also to control the raquired probabilities of
cecurrence of cach of the stimulus patierms tO be exami_gec?.. Under both ssts
of experiments {A and 3), a rather atwxiking consistency of findings cmevgad.
Reaction time was most prolonged for the single signal condition. Reaction
times to the compound stimull of critical signal followed by extzamaous
stimelus follouwed a roughly iinear curve as the interval separaring the two
stimali fincremsed. The fastest rezxction times occurved at mimimal sepervations,
i.2., 20 msec and 40 wmsec, vhile reaction times where the signal was folimsd
by 100 msec and 120 msec began to approach the critical sigoal alone values,
and for some subjects caceeded them, Aaother finding was that all reaction
times ware prolonged vhen the ensemble of stimuli with which the subject had
to deal contained some to Be ignored.

Compariscn of the resulis from cnpeviments A gnd B iedicates that
when the subject is given an arvay of signals, each of which is 2 sigasl o
vespond, his performence is foster by 40 msec than whem he is given an array
of sigoals, some of which he hes to igmove {withcld rospomse). Further there
iz the intriguing implicaticn that the prolomgatiocn of central processing time
by vequirdiag & decision, alters the temporal fencticn velatiang veactiom times
to iaterestimulus intervals. In B (with 8 zegulred choice of whether to
vespond) the cztrancous stimulus has its effectc over a longer vange of
intezostiwulus intexvals thar in experiment A.

Bather stwiking parvallels were foumd betweren these behavioral curves
azd the cvoked potontisl pattevns meusured for the same condliclens. The
cumpound evoked poteniials showed great enhancement over that range of inter-
nstinelug intervals which ghowed behavioral facilitation (20-80 msec). Eighry
msee sesmed ©o be g vather serilkiag shut-off point for the exboacement effcck.
Taus, the svoked potentisl o 1ight shen followed by & ciick 2t 100 or 129

=pes 424 zot look wezy much diffcrent than the evoksd potenulal to the light
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when it was not followed by another signal.

Quantitative atalysis of both behavior and evoked potential data
from these experimeuts hag been in part completed. One method developed is
deriving the integzal of the voltage in the cvokad potentisl (over the first
256 mgec from stimulus onset). Using these scores, we calculsted the average
zank correlation coefficient betuwcen evoked pbtentials and regction times, o0
a fumction of interstimulus intervals. Analysis of saveral EEG chamnels have
baen completed at this writing: the gverage rho values observed range from
.84 - .73, and all are well beyond chauce (p = .01).

In addition, we have computed cross-correlation matrices of the aet of
evoked potentials from a given experiment. Both crossecorrelation with no
time offsst, and oxe entire.beossacorrelation function across a range of
remporal displacements of one weve from suother have been dume. He heve zot
had enough time to examire more than 3 few channels of data as yet. GHowewer,
cross-correlation wethods appear useful as a way to quantify and objectively
group compound evoked potentials which vary with vegard to inter-stimmlus
interval, Thus, one aight have electrocertical measures for defining temporal

tervals which are associated with faciiitatiom and inhibition, Factor
analysis of these mutrices is plammed.

s are currently pursuing a number of isgues vaised dy these data,
among them whether or not the enhancement thet we sce represents a ctrue intey-
action term. Is the raspouse to the compound stimulus more than 2 simple
addition of the rvespvase to the two separate stimuli comprising the potemtial?
#e have begun to investigete, u#ing‘ihe data available fgﬁg}tﬁis get of
superiments, tha properties of compound =voked potemtisls to see hew well the
cowmpound potential is linsazlylpredictabie from the single potentials with
eppropriare dipplacements in tima.

S5k, Twe different appruvaches heve beer employed to assess the

limits of the ability of personmc to perceive signals as discrete separadble
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eventg in time. One set of data deals with accuracy of judgments end
decision time in situatioms where elgnals from tuo different sense modalities
are presented. Our preliminarxy findings are that visual signals followed by
auditory signals are likely to be perceived as simultaneocus 75% of the time
(or nore) when the intex~signal interval is 80 msec or less, 50% of the tiwme
at 100 msec geparations, and 257 of the time at 100 msec separations.
Decision time is most prolosged at 120 msec separatiomns; from the nature of
our particular experiments, this indicates we are near a marginal region for
this effect. These data are closely correlated with the evoked potential
patteras obtained; vhern simultauncicy judgments are likely (i.e., st intervals
lass than 100 ms) the compound ewoked potenticls show a merging of the two
signals in at least ore biphasic wave (megative-positive complex with
latencies to first inflection point st approximately 100 ms). Further data
collection is planned to establish the limiis of temporal resolution.

A second seriec, dezling with the so-cglled temporal numerosity fenction
bas been ztarted. Only pilot studies have been done, but the computer-Based
programs for conducting the experiments and retrieviag the date are now ready,
and await only availlable time of the imvestigetors for a more definitive
oxperimental series. The basic wodel ie the presantation of trains of stimuli
(e.g. a train of flashes or a train of clicks), the inter-stimulus interval being
fired over a given run but vavied im different Tuns. The object of this serics
of studies is to imvestigate the perceptual limits (in terms of temporal
separvation) for resolution of ench stimulus as discrete, in conjunction with
the electrophysiological correlates of the functions assessed.

6. Rffect of imstructieoms to the observer im denling with compiex

stimulic

a. Iotramodality sclective attention end ewoked responses.

{This work was carried onr by Ur. Eravuel Donchin aud was presenced at the Thizd

Aunnual Symposivn on Temporal Feotors in Yision in Rochester, MHew York in June
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1966.) Subjects were presented with a visual stimulus that varied independently
o; two different stimulus dimensions. The subject was imstructed alternately
to respord to variations in one of the dimensicns while ignoring the other,
Ivoked respoases could be obtained for each of the dimensions. The data
indicate an cnhancement of the response to the attended-to dimension. These
Jata refute Horn's suggesition that visual sesrch per se attenustes evoked
vesponses; they are glso inconsistent with the suggestion of & peripheral
Blocking mechanism as the sole rasponsible factor for selective sttention.

o A papaer cntitled "Some choerveticns on evoked responses
in relation to temporal conditioning ¢o paived stimuii im man® wos rvecently

yblisted iz Guarteriy P!ggress Beport No., 78, MIT Regearch labarutory of

$lcctxonics, the result of collaborative cuperiments coonducrsd ia cur labovatozy
with Dr. Joha 8. Baxlow, The investigatinn fogused upon posgidbie intrinsic
wdsing mechaniswy of the brain., Eviderce for enaditionmed electrecsrtical

activity wes evaluated,
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I11. Other work conducced in the perxiod July 1, 1865 -« June 30, 1966,

' Aunother series of experiments was underxtalisn to study the possibly
related questions of motor potentials {(potentials related to the occurrence

of motor responses such ae switch-depression} and crcsS&heéispheric differences
in electrocertical gctivity. These wére dome in collaborstion with Dr. Emenuel
Donchin and Dr. Herman Buschke.

Briefly, subjects were instructed to vespond to a click with their sight
haud and to a flash with their left hand, or vice versa. Clicks and flashes
ware either presented alternately or mized in a fized proportion in a random
order. The everage evoked response racorded between electrodes C3-C4 iundicated
a different response in each hemisphere to each stimulus. The responses to the
clicks were of an opposite polarity to the respomnses to the £flash, The polaxities
did not depend on the hand used for each stimulus. There is a wide iInter-subjest
variability in the form of the difference wave.

We are curvently examining the antecedent potentiasls locked in time o
the motor response; this requires backward digitizing and averaging.

2. We have doveloped a program to idemtify the phase of alpha at the
time of stimelus delivery post hoc, that is, after an experiment is concluded
in which signals werc randomly presented., When time apd staff permit, we wish
to uee this program to further evaluate the question of the relationship betuwecn
alpha phase and reactiom times.

3. Relationship between evoked response emplitude and alphs blocking.

A LINC program was geveloped o recogmize alpha blecking xesponges and to
datermine their deration and latency, using the appreach suggested by Belmont
Farley. Subjects were proegsented with flashes of light and the triagls were
classified accovding to the duration and latency of the blacking response.
froraga evoked vesporses were obtnined for the vavrious eategories. In genexal,
the amplitude of the cvoked response was largay onm zhaeege trials in which the

alphe wae blocked.
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4, Yultivariate analyses of evoked rvesponse data.

Diseriminant amalysis techniques were applied to data from & variety of
avoled potential experiments. Resulis confirmed that it is possible to clausify
norrectly a large pevceatage of the single trial vecords in am evoked respouse
experiment as to the eliciting stimuli, None of the anslyses was adequately
completed dua to a lack of proper LINC to 7094 communication.

&, Pevelopucnt of computer prograns.

in addicion o those refexred to briefly above, we have further iacrcasaed
our library of avalycical programs for the LiINC computer {voltage integration
znd mean square values over any desirved enoch of EBG date cross=covrelation
sairices for @ set of evoked poientizlc) and for rapid reiricval end ewvaluation
of bLehavioral data.

The general thewe of these experiments is the zelationship obtzining
beiween slectrical activicy of brain sod specific kinds of behavior., The
behaviors are those of momitoring informationaily valuable sigrals io s
ROANLOTRAUS enviroument such as might bs encovntered im space £lighe.

The czpevimental design is one which covld be implemented in astual
space flight conditions., To be geined iz specific knowledge of how the humean
nervous system optimally handles informstiom and of the optimal way ia which e

present information te¢ a huwen cbserver in space flighet.



